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Abstract 
It is now widely acknowledged that climate change is occurring as a result of anthropogenic greenhouse 
gas emissions. Although human settlements have always been threatened by various types of risks and 
hazards, climate change is expected to exacerbate the intensity and frequency of many of these hazards. 
This could have severe consequences for supply, transmission and distribution of energy, as the driving 
force of the majority of economic activities in urban areas. Responsible for a significant part of the global 
energy consumption, cities need to be well-equipped and prepared in the face of increasing climate 
change induced disasters. In recent years, resilience thinking has been increasingly used for examining 
how cities are ready to face imminent disasters. Despite the importance of energy for effective 
functioning of cities, there is still a gap in the urban literature regarding the definition of energy resilience 
and development a framework for its assessment. To fill this lacuna, this study aims to specify the main 
components of urban energy resilience and develop a conceptual framework for its assessment. Drawing 
on an extensive literature review, this study defines energy resiliency as a range of preparation, 
absorption, recovery, and adaptation measures that ensure availability, accessibility, affordability, and 
acceptability of energy supply, transmission and distribution over time. This definition is used for 
conceptualizing energy resilience assessment and can be used to design an urban energy resilience toolkit. 
Such a toolkit should cover various energy related aspects such as infrastructure; land use, urban 
geometry and urban morphology; resource management; urban governance; legal basis and regulations; 
and social and behavioural aspects. The toolkit could be utilized by planners and decision makers to make 
better-informed decisions towards low-carbon and resilient urban development. The paper concludes by 
emphasizing that any energy resilience assessment toolkit should include criteria and indicators that 
address both mitigation and adaptation aspects of climate change.  
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1. Introduction 
The majority of world population is now living in cities and the share of world urban population is 
expected to steadily increase in the coming decades. Cities are the major loci of global energy 
consumption and continuous energy supply is essential for their effective functioning. The expected urban 
population increase, together with other driving forces such as lifestyle change, would have significant 
implications for future energy supply and demand. Unless drastic measures are taken, the projected 
significant increase in the global energy consumption [1] would in turn result in further emission of 
greenhouse gases (GHGs) into the atmosphere, thereby intensifying climate change. Climate change will 
result in increased occurrence of hot spells and severe and longer winters [2]. Consequently the demand 
for cooling and heating energy will increase and given the expected depletion of oil reserves and fuel 
price rises, meeting this increased demand will be a huge challenge [3, 4]. The costs of energy supply 
interruptions will be too high for economic growth of cities. Accordingly, the challenge ahead is two-
pronged. On the one hand, as the global average temperature changes linearly with the increase in the 
cumulative CO2 emissions, severe mitigation measures are needed to limit warming to two degrees [5, 6]. 
On the other hand, adaptation measures are also required because climate change is already occurring and 
will have severe impacts on the urban energy system irrespective of the future trajectories of GHG 
emissions.  
Fig. 1. An example of an energy system (Source: www.siemens.com/urban-resilience) 
Resilience thinking is a concept stemmed from physics, psychology, and ecology and increasing 
gaining ground in urban literature and multiple individual aspects of resilience have already been 
addressed [7]. However, despite the importance of energy resilience for the very survival of urban areas, it 
is still an understudied concept and warrants further investigation. The existing research is mainly focused 
on single domains of urban energy resilience such as transportation [8] and green infrastructure [9]. A 
single and comprehensive definition of resilience that can be used across various sectors of urban energy 
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system is still missing. In addition, supply, transmission, and distribution (see Fig 1. for an example) as 
the three major component of any energy system are not studied in an integrated manner.  Furthermore, 
unlike other related concepts such as sustainability [10], no comprehensive tool has yet been developed 
for assessment of urban resilience, let alone urban energy resilience. Before any attempt to develop such 
an assessment tool it is necessary to clarify the definition of urban energy resilience and design a 
framework that can, in turn, guide the development of the desired assessment tool. Assessment tools can 
be used by planners and decision makers to track progress towards achieving the goal of transition to low-
carbon and resilient urban futures. This paper is part of a broader study focused on development of criteria 
and indicators for evaluation of urban resilience.  
2. Methods and materials 
To develop a conceptual framework for urban energy resilience, this study reviews literature on related 
subjects such as resilience, sustainability, and energy security. A synthetic approach is taken to provide a 
conceptual framework that captures multiple characteristics of a resilient urban energy system. A diagram 
is used to show how the different components of the framework are related.  
3. Urban energy resilience  
The concept of resilience is tightly linked to sustainability as an umbrella concept that is aimed at 
maintaining socially, economically and environmentally desired human-environment interactions over 
time. This paper discusses the concept of energy resilience at urban level. Unless a system is resilient, 
climate change and its associated uncertainties and complexities could undermine the likelihood of 
achieving this goal  [11]. Therefore, it can be stated that any sustainable system should be resilient as well 
[7]. For the reasons described above, energy lies at the core of urban sustainability. Reaching a desired 
state of urban energy requires availability, accessibility, affordability, and acceptability of energy supply 
required for effective functioning of cities [3, 12].   Acceptability refers to taking appropriate measures to 
ensure that energy is generated in an environmentally benign fashion. Before linking this four criteria 
with the concept of resilience, it is necessary to clarify what resilience entails. Like sustainability, various 
definitions of resilience exist and there is still no single, generally accepted definition in the literature.  
Three approaches to defining resilience include, engineering resilience, ecological resilience and adaptive 
resilience [13, 14]. The engineering approach conceptualizes resilience as the system’s robustness and 
resistance against external disruption and its capability of returning to an equilibrium state in the rare 
cases when the tipping points are crossed. The ecological approach recognizes the unpredictability of the 
system and emphasizes its capability of absorbing the disturbance so that the main functions of the system 
are persisted. This implies that the system may return to multiple equilibrium states. The last approach is 
designed for describing the behavior of socio-ecological systems. This soft approach towards defining 
resilience acknowledges the dynamics of the system and uncertainties, and unpredictability of natural 
disasters. It emphasizes the system’s ability of self-organization and existence of mechanisms for learning 
from the disaster in order to bounce forward to a better state. Therefore, in adaptive approach to resilience 
the system does not return to an equilibrium state. Since city is a socio-ecological system, the adaptive 
approach is adopted for the purpose of this study. An adaptive approach requires the system to have the 
ability to plan/prepare for the disaster, absorb the initial shocks, recover in a timely manner, and learn 
how to adapt [15-17]. Based on what discussed above definition of urban energy resilience is as follows.  
3.1. Definition 
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An energy resilient urban system should be able to ensure availability, accessibility, affordability, and 
acceptability of energy supply, under varying conditions, through enhancing its ability to plan/prepare for 
disaster, absorb its initial shocks, recover rapidly and adapt and self-organize. A conceptual diagram 
illustrating the relationship between the concepts discussed here is depicted in Fig 2.  
Fig. 2. Conceptual framework of urban energy resilience 
3.2. Characteristics of an energy resilient urban system 
In order to fulfill the requirements of the definition above, the urban energy system should entail the 
following characteristics. To save space, here the descriptions of the characteristics are not provided and 
interested readers are referred to [7, 18]. 
x Robustness 
x Stability 
x Flexibility 
x Resourcefulness 
x Coordination capacity 
x Redundancy
x Diversity 
x Foresight capacity 
x Independence 
x Interdependence 
x Collaboration 
x Agility 
x Adaptability 
x Self-organization 
x Creativity 
x Efficiency 
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4.  A framework of criteria and indicators 
In order to utilize the conceptual framework described above for assessment of urban energy 
resilience, it is necessary to build a matrix including various planning and design criteria that are related 
to energy supply, transmission, and distribution in the urban areas. Showing the details of this matrix falls 
beyond the scope of this paper. The matrix will divide the collected list of criteria into major categories 
that relate to aspects such as infrastructure; land use, urban geometry and urban morphology; resource 
management; urban governance; legal basis and regulations; and society and behavior. Each category will 
consist of several criteria which in turn may be divided into sub-criteria. The idea will be to relate each 
criterion to the energy resilience components and characteristics described above. As an example, street 
connectivity is a criterion under the category of urban morphology that is related to the plan/prepare and 
absorption abilities of resilience and can enhance the flexibility, efficiency, and adaptability of the energy 
system. Having a complete list of these criteria could enhance the decision-making capacity of planners 
and policy makers by showing them the potentials of each criterion and more importantly the 
shortcomings of urban areas. It should be mentioned that the selected criteria would address a 
combination of mitigation and adaptation measures and this means that trade-offs and synergies between 
these measures should also be clarified. This way, decision makers would be able to come up with 
mechanisms to maximize the synergies and minimize the trade-offs. d 
5. Conclusions 
Resilience thinking is important for achieving sustainable communities. If sustainability entails 
maintaining a desired state of generation and supply, transmission, and distribution of the energy 
demanded for effective functioning of urban systems, resilience to disasters will be its pre-requisite. 
Despite the abundance of research on urban resilience, existing literature on urban energy resilience is 
very limited.  Given the primary role of energy related emissions in climate change and the high 
concentration of people in urban areas it can be argued that transformation of current urban energy 
systems will be crucial for climate stabilization. As an initial step to address this gap, this paper reviewed 
a number of the existing studies on urban resilience and urban energy systems to provide a synthetic 
definition of urban energy resilience. This definition, together with a set of resilience related 
characteristics, was used to introduce a conceptual framework for assessing the energy resilience of cities 
and socio-ecological systems. This framework conceptualized energy resilience of a given urban system 
as its ability to guarantee availability, accessibility, affordability, and acceptability of energy supply over 
time by enhancing its abilities to plan/prepare for disaster, absorb initial shocks, recover rapidly, and self-
organize and adapt. 
In order to have a more comprehensive framework it is necessary to specify how the different 
characteristics introduced in Section 3.2 relate to each other and fit into the framework.  When fully 
designed, the framework could be utilized for categorizing the multitude of criteria that may affect the 
resilience of urban energy systems. Such an assessment framework should acknowledge that both 
mitigation and adaptation measures would contribute to energy resilience and make efforts to clarify the 
synergies and trade-offs between the measures.  
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